ABSTRACT. Normal human mammaryepithelial cells (HMEC) isolated from surgically resected breast tissues were cultured under serum-free conditions using MCDB170 medium. With the increase in the number of passages, in particular after the 5th passage, the number of enlarged, flattened and vacuolated cells increased while cell proliferation decreased. The senescent cells occasionally had keratohyaline granules in the cytoplasm and were positive in immunohistochemistry for keratinizing squamous epithelium-specificcytokeratin 10. When HMEC were cultured between floating double-layered collagen gels, the cells lost growth activity, showed marked stratification, and became positive for carcinoembryonic antigen (CEA). The stratified cells underwent squamous differentiation and tonofilament bundles appeared around the nuclei. The stratification and squamousdifferentiation of HMECwere observed within seven days after transfer to the three-dimensional culture, regardless of the number of passages. These results indicate that the HMEC in vitro ultimately differentiate into squamous epithelia and also that there is a close relationship between the squamous-type differentiation and the loss of cell proliferation.
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Culture of human mammary epithelial cells (HMEC)
under serum-free conditions with the use of MCDB 170 medium is well established (6), and the biological (6, 16, 17, 18) In this study, we showed that senescent cells of To whomcorrespondence should be addressed.
HMEC in serum-free culture show squamous differentiation, and also that the majority of the cells show squamous differentiation before reaching their cellular senescence in monolayer culture and become positive for carcinoembryonic antigen (CEA), when they are transferred to three-dimensional culture using collagen gels.
MATERIALS AND METHODS
Tissue collection and preparation. Normal human mammary epithelial cells were isolated from surgically resected human mammary glands according to the method of Stampfer et al. (15) Ham'sF-12 : 0.34NNaOH=10 : 3), andputinto aCO2incu-bator to be kept at 37°C to form gel. Three-dimensional culture using collagen gels {floating sandwich method). The collagen mixture was dispensed into a plastic dish and allowed to stand at 37°C for about 5 min to form gel. After rinsing the gel with the culture medium, the cells were seeded onto the gel and cultured. When the cells formed a subconfluent monolayer, they were covered with another layer of collagen gel. After being cultured for 24 hrs, the double-layered gels were allowed to float from the dish into the culture medium. Immunohistochemistry and histological observations. For immunohistochemical analysis of cytokeratin, cells were seeded onto clean glass coverslips and fixed with acetone for 30min at -20°C when they reached subconfluency. The coverslips were rinsed with phosphate-buffered saline (PBS), air-dried and stored at -20°C until use. The expression of cytokeratin was examined with polyclonal anti-keratin (pan-keratin) antibody (DAKO), monoclonal anti-cytokeratin 8 (M 20: ICN Immunobiological, USA) and anti-cytokeratin 10 (RKSE 60: ICN) antibodies. These antibodies were applied to the cultured cells by an indirect immunofluorescence method.
For histological and immunohistochemical examinations of the cells cultured by the floating sandwich method, they were fixed with 1% glutaraldehyde, dehydrated, and embedded in paraffin. Sections about 4 /urn in thickness were stained with hematoxylin and eosin or treated with polyclonal anti-CEA antibody (DAKO) by the avidin-biotin complex method.
Ultrastructural study. After being cultured by the floating sandwich method for one week, the cells were fixed in 1% glutaraldehyde-4% paraformaldehyde adjusted to pH 7.4 with 0.1 M cacodylate buffer. They were then post fixed with 1% osmium, dehydrated and embedded in Epon 812.
Ultrathin sections were stained with uranyl acetate and lead citrate, and examined with a JEOL 1200-EX transmission electron microscope.
BrdUstaining. HMEC cultured on a plastic dish were incubated with bromodeoxyuridine (BrdU: DAKO) for 24 hrs and fixed in cold 10% ethanol.
HMEC cultured in floating collagen gels were also incubated with BrdU for 24 hrs and fixed with \% glutaraldehyde.
BrdU labeling was examined by using anti-BrdU mouse antibody (Amersham, United Kingdom).
RESULTS
Normal human mammary epithelial cells cultured on plastic dishes.
As reported previously (6, 16), small epithelial cells were derived from isolated and fragmented mammaryducts and actively proliferated during 3-5 serial passages. They maintained a cobblestone epithelial morphology until senescence ( Fig. la) . At senescence, the cells were heterogeneous in shape and consisted of large, flattened, vacuolated cells and cobblestone-like cells (Fig. lb) . However, all of these cells were immunohistochemically positive for pan-keratin ( Fig. lc) showing that the cells were epithelial in nature. Some of the senescent cells were positive for keratin 8 (Fig. Id) shown). Since the cells peeled off the culture dishes easily as they underwent senescence, the following culture method between double-layers of floating collagen gels was employed to investigate the properties of the senescent cells.
Normal human mammaryepithelial cells cultured between double-layers offloating collagen gels. After 5 passages on plastic dishes, HMEC were transferred into the floating gels, and then maintained for 7 days. As shown in Fig. 2a , HMEC become stratified in the floating double-layered collagen gels, and the results of H and E staining suggested that the stratified cells undergo squamous differentiation under such conditions. On the other hand, the cells distant from collagen gels were immunohistochemically positive for CEA (Fig.  2b) . Furthermore, after 2 passages, HMEC proliferated actively on plastic dishes, and also showed marked stratification in the floating gels (data not shown). At the 4th day after transfer of the cells to the three-dimensional culture, 50-60% of the cells released from double layered collagen gels by collagenase digestion was keratin 10-positive (data not shown). This observation shows that
HMEChave a potential to differentiate keratinizing squamous epithelium.
Growth potential of cultured mammaryepithelial cells. BrdU labeling of the cells cultured on plastic dishes showed that the majority of the cells, which were small and polygonal in shape, proliferated actively, while large and vacuolated cells did not show growth activity (Fig. 3a) . On the other hand, the cells cultured between the collagen gels hardly showed growth potential (Fig. 3b) , but showed squamous differentiation and became positive for CEA regardless of the number of passages.
Ultrastructures of the epithelial cells in the collagen gels. As shown in Fig. 4a , the cells cultured between the collagen gels were observed electron microscopically to be a mixture of cells with glandular features and those with squamous differentiation.
These two types of cells were often observed to be attached to each other by desmosomes. Some of the cells with features of squamous differentiation possessed microvilli on their surface (Fig. 4b) . In dant tonofilament bundles around the nuclei, well-developed desmosomes and interdigitations at the cell boundary. The incidence of cells with such squamous differentiation increased with time in culture. At the 7th day of culture between collagen gels, more than 80% of the cells showed squamous differentiation, regardless of the number of passages.
DISCUSSION
The results of the present study showed that mammary epithelial cells undergo squamous differentiation under certain conditions of cell culture. Such squamous differentiation of mammary epithelial cells was shown t o be closely related to the loss of growth activity. Squamous differentiation was suggested in histological examination by the finding of an eosinophilic homogeneous layer of stratification.
This was confirmed electron microscopically by the finding of abundant tonofilament bundles in the cytoplasm of epithelial cells, and further supported by immunohistochemistry in that some of the cells were positive for cytokeratin 10, which is known to be a marker for keratinizing squamous epithelial cells (10). Such squamous differentiation was frequently observed in the mammary epithelial cells cultured between floating collagen gels after five passages in culture on plastic dishes. However, squamous differentiation was observed even in the early passages of cultivation, during which the cells still actively proliferated in monolayers on plastic dishes if they were transferred to the floating gel culture. Since culturing HMEC between floating collagen gels strongly suppresses the growth activity of the cells, such squamous differentiation is considered to be related to the suppression of prol iferation rather than a result of cell senescence. 
